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Abstract 
Solar power is a natural and symbiotic choice for water pumping. It is one of the most economically attractive solar 
energy applications with direct drive PV systems often providing decades of reliable service. There is a good match 
between seasonal solar resource and seasonal water needs. Photovoltaic water pumping (PVWP) systems can meet a 
wide range of needs and are relatively simple, reliable, cost competitive, and low maintenance. A typical system 
configuration includes a PV array, pump, controller, inverter (for ac), and overcurrent protection. Until recently 
PVWP was competitive for only relatively small pumping loads. Over the past decade, the competitiveness of PVWP 
has increased dramatically, significantly expanding the range of pumping loads/requirements where PVWP is 
competitive.  
There have been dramatic price reductions in PV modules over the past decade, by over 80%, while prices for 
competing gasoline or diesel fuel have risen by over 250%. PVWP is most cost-effective for steady pumping needs 
such as community water supply or livestock watering—both year-round pumping requirements in most cases, and 
for irrigation water pumping when irrigation takes place much of the year. New technological innovations in 
controller technology has expanded PVWP range by an order of magnitude to ~25 kW, with 100 kW expected in the 
near future. Similarly, more efficient helical rotor water pumps have been developed that are reliable and simple to 
operate. 
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1. Basics PVWP Systems 
A PV powered water pumping system is similar to any other pumping system; only the power source is 
solar energy. PV pumping systems have, as a minimum, a PV array, a motor, a pump and normally a 
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water storage tank. PV water pumping arrays are sometimes mounted on passive trackers (which use no 
motors) to follow the sun throughout the day for increasing pumping time and water volume. AC and DC 
motors with centrifugal, displacement, or helical rotor pumps are commonly used with PV pumping 
systems. Water is more cheaply and effectively stored in a tank rather than storing electro-chemical 
energy with batteries. 
1.1. Helical rotor water pumps 
One of the most important developments to further the use of solar water pumping over the past 15 
years has been the helical rotor submersible pump.  The helical rotor is a positive displacement pump 
mechanism that is mounted to a submersible motor. The motor is similar to that used for centrifugal 
submersibles. Like the centrifugal submersible, it can last for many years with no regular maintenance.  
Most of the new solar pumps use this type of design. 
 
Fig. 1. Typical helical rotor pump end 
 
Al Buroni University PVWP, Afghanistan: One recent example of helical rotor pumps is from the USAID 
Afghanistan Clean Energy Project (ACEP) 25 PVWP systems installed in 2011-12, with half of these 
installed in Nangarhar Province and the rest in Balkh, Bamiyan, Kapisa, and Parwan. These all used 
helical rotor pumps mostly for schools and community water supply. These direct drive PV systems use 
high quality AC powered helical water pumps expected to provide 20 or more years of useful service. 
Each of the solar pumps uses a four-inch, direct-drive Grundfos submersible helical pump, typically 
powered by a 1.15 kW solar photovoltaic array using Kyocera 135 Wp modules. The arrays were 
normally installed at latitude tilt for greater pumping capability over the year, while providing sufficient 
water during the hot summer months.  
The PVWP were used ostensibly for community water supply, but also often provided badly needed 
water for small-scale irrigation of farm plots. These systems typically pumped from 25 to 40 cubic meters 
of water per day, depending on the total dynamic head for each site.   
The Afghan PVWP systems were installed locally by Sustainable Energy Services of Afghanistan 
(SESA). Hardware costs average about US$8.37 per peak Watt, which included the PV array and the 
BOW pipe. Installation and local transport typically ran an additional US$600 per system. As compared 
to the cost of diesel pumping, payback for PVWP systems in Afghanistan was typically under two years.  
1.2. Larger capacity pump controllers 
Chep Payan PVWP, Kunduz, Afghanistan: One recent example of where larger pump controllers 
capable of managing bigger PV arrays was installed in November of 2012 by the Kunduz Provincial 
Reconstruction Team (PRT) in northern Afghanistan. This is the largest PVWP in the country at 10 kW 
for the community of Chep Payan serving 300 families. This was done with PV modules donated by 
Winrock International/WOCCU, and installation done by SESA funded by the PRT. The solar powered 
 Robert Foster and Alma Cota /  Energy Procedia  57 ( 2014 )  1431 – 1436 1433
pump replaced a diesel electric pump that required 5 liters of fuel per hour to operate and often broke 
down, relegating the families to carry water by donkey.  
The well is 135 m deep, with a static water level of 30 m with a 5 m draw down. The water is pumped 
about 667 m away with a discharge height of 13.3 m. The total dynamic head for this project is 160 m. 
The system is designed to provide about 52 cubic meters per day of water for the community. 
A SunPumps SPV 7500 three phase 240 V ac controller is now used to MPPT a 10 kWp PV array used 
to power a Goulds 33GS75 stainless steel cased pump for providing water to the community of Chep 
Payan. The solar modules used are 216 Wp Sharp solar panels that were donated by Winrock 
International/WOCCU for this project.  
 
 
 
Fig. 2. PVWP 1.35 kWp array installed at Al Buroni 
University by SESA in Kapisa Province for research 
farm irrigation and student dormitories in collaboration 
with the Global Partnership for Afghanistan (GPFA). 
Fig. 3. 10 kWp Chep Payan Village PVWP array. 
 
 
 
 
Fig. 4. Goulds 33GS75 high capacity 
pump used in Chep Payan village to 
provide water for 300 families. 
Fig. 5. IV curve for Al Buroni PV water pump x-Si array. It shows the system is within 
spec with a fill factor of 72.7%. 
 
 
Safford, Arizona: One of the largest PVWP systems in the world is in Safford, Arizona. It was installed 
by SunPumps in 2011 for the city water supply. It is a grid-tied PV system powering three 25 Hp surface 
centrifugal pumps. The PV array feeds a dozen SMA grid-tied inverters. The pumps are managed by a 
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SunPumps SPV 25000 controller. This cutting edge system is a result of ever more competitive PV 
systems due to falling PV module prices, and also Arizona state and Federal incentives for “green” 
energy. The system has been working flawlessly over the past two years and should provide service for 
several decades to come. 
 
 
 
Fig. 6. SMA inverter towers powering Safford pumps. Fig. 7. SunPumps SPV 25000 Controller for three 25 Hp pumps. 
 
 
1.3. Inexpensive PV modules 
The big advantages of PVWP are long-term lower costs when compared with diesel or gasoline 
powered pumps. PV water pumpers do not require an on-site operator, and have a low environmental 
impact (no water, air, or noise pollution). Properly designed and installed PV water pumping systems are 
relatively simple to operate and maintain and can last decades. 
Due to rapidly declining PV module prices, PVWP system costs are now one third of what they were a 
decade ago. PV module prices have dropped by over 80% in the past five years, while diesel fuel prices 
have risen by over 250% over the past decade. Direct drive PVWP systems can deliver power for about 
US$0.15 per kWh, as opposed to diesel water pumps which cost nearly triple to operate. Thus, PVWP 
provides dependable water with no fuel costs. Payback for a PVWP is typically only 2 to 3 years, with 
expected lifetimes of over 25 years. As PV module prices continue to fall, so do PV system sales rapidly 
increase, with over 30,000 MW installed globally in 2012. However, most of these installations are for 
utility interconnected sales, and off-grid markets represent only 1% of sales. While financing is often 
available for on-grid urban installations, it is not for off-grid rural people who need solar power the most. 
Typical mid-size PVWP systems range from 1-2 kWp and cost about US$4-7,000 installed depending 
o location. While diesel hardware is more inexpensive, operating costs are high at over US$1.00 per liter 
or more depending on how remote a location is. Diesel pumps overhauls and replacements can be every 
three or so years. The PV system costs one third of the diesel pump. 
For example in Africa PVWP sales are split between those for irrigation and community water supply. 
In Ghana 40% of PVWP are currently sold for irrigation and 60% for community water supply, while in 
Kenya 50% is sold for irrigation and 50% for community water supply. Nigeria is where half of all 
PVWP are sold in Africa. PVWP systems sold in Africa are cash sales from distributors. However, these 
are only a few hundred systems a year in each country. The PVWP market in Africa and in most 
developing countries is nascent and the potential need and market for these systems is huge given the 
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millions of small holder farmers with a tremendous need for affordable water pumping to improve their 
lives. 
For instance, for PVWP global leader Grundfos, more than 90% of the installations are still operational 
5 years after installation in Africa.  However, they have found that for systems that are provided as a 
donation, reliability drops to only about 75% mostly due to poor installation practices and no followup. 
The key to system reliability are properly trained technicians providing good quality installations (i.e., 
assure that control boxes are sealed properly, systems are properly bonded and grounded, etc.). 
2. Case Study: Estacion Torres 
An example of successful PV water pumping pilot systems is at Estacion Torres in Sonora, in 
Northwest Mexico. The system at Torres was the first out of 346 total PVWP systems installed across the 
country under the USAID funded Mexican Renewable Energy Program MREP (1994-2000). Before PV 
installation, water pumping was driven by animal traction. A 480 Wp Solarex PV array, a Grundfos 
SP3A-10 submersible solar pump and a Solartonic SP-SA1500 controller were the main components for 
the 16 m TDH system. The solar system provides about 33 lpm during peak sun. The PV system 
hardware cost US$6,000. The system was installed in September 1994, and two technical evaluations 
were conducted since then, the first in 2003 and then again in 2013. The water pump was replaced after 
14 years of operation. Currently, with 19 years of operation the water demand for a herd of 300 cattle and 
small scale irrigation has been met in total by the solar system. 
 
  
Fig. 8. 480 W PV array at Estacion Torres. Fig. 9. Livestock watering at Estacion Torres. 
 
 
Investment payback for the Estacion Torres PVWP system was met after four years back when diesel 
fuel was far cheaper than today, and would be about two years nowadays. When comparing the 
economics of the solar system with a diesel pumping system, over 90,000 liters of diesel have been saved 
to pump an equivalent amount of water as the solar. However, ranchers normally pump less water with 
diesel due to the high fuel cost.  Diesel cost in Mexico has increased from US$0.28 to 0.88 per liter since 
installation in 1994 (diesel is subsidized in Mexico), or over 300 percent; this fuel escalation rate is more 
than the average Mexican inflation rate of about 10 percent. Thus, about US$50,000 in 1994 dollars has 
been saved in fuel and maintenance by using the PVWP, and the PV system should still provide many 
years of service to come. Fig. 10 presents the estimated life cycle cost analysis for the system compared 
to the conventional diesel system for the past 20 years. 
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Fig. 10.  20 year Life Cycle Cost (LCC) comparison for solar & diesel water pumping technologies in 
Estacion Torres, Mexico at an annual average flow rate of 15 m3/day. Analysis based on actual fuel costs 
and maintenance actions. PV system is 480 Wp. PVWP investment payback was about 2 years.  
 
3. Summary 
PVWP systems are reliable and have become much cheaper due to much more inexpensive PV 
modules. PVWP system costs have dropped by 2/3 while fuel prices rose >250% since 2000. Many 
systems installed 20 or more years ago are still operational, such as the one in Estacion Torres in Sonora, 
Mexico. PVWP off the shelf capabilities has grown to 25 kW and will soon exceed 100 kW. PVWP 
global sales are steadily growing and approaching 100,000 systems per year. 
With better access to financing, PVWP will become the pumping technology of choice for millions of 
small farmers/ranchers in the future. Reliable and affordable water pumping is vital to increase 
agricultural productivity around the globe. The productivity of irrigated land is approximately three times 
greater than that of rain-fed land. PVWP can be sold commercially in large numbers to transform 
agriculture in less developed regions. PVWP is poised to grow tremendously over the next decade due to 
declining costs and high reliability, and will allow larger numbers of farmers and ranchers to take 
advantage of this cost effective technology. 
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